Abstract. Immune thrombocytopenia (ITP) is an autoimmune disease characterized by a low platelet count and insufficient platelet production. Previous studies identified that microRNAs (miRNAs/miRs) are important for platelet function. However, the regulatory role of miRNAs in the pathogenesis of thrombocytopenia in ITP remains unclear. The aim of the present study is to isolate differentially expressed miRNAs, and identify their roles in platelets from ITP. A total of 5 ml blood from 22 patients with ITP and 8 healthy controls was isolated for platelet collection. A microarray assay was performed to analyze the differentially expressed miRNAs in the patients with ITP and healthy patients. Furthermore, the expression of differentially expressed miRNAs was verified by reverse transcription-quantitative polymerase chain reaction. In addition, the target mRNAs of the differentially expressed miRNAs were predicted via miRWalk databases, and the target genes and miRNAs were classified by Gene Ontology enrichment and Kyoto Encyclopedia of Genes and Genomes analyses. In the present study, 115 miRNAs were identified to be differentially expressed in platelets from patients with ITP compared with the healthy controls (>3-fold alteration; P<0.05). Among them, 57 miRNAs were upregulated in ITP, while 58 miRNAs were downregulated. Bioinformatic prediction demonstrated that hsa-miR-548a-5p, hsa-miR-1185-2-3p, hsa-miR-30a-3p, hsa-miR-6867-5p, hsa-miR-765 and hsa-miR-3125 were associated with platelet apoptosis and adhesion in ITP. The present study performed miRNA profiling of platelets from patients with ITP and the results may aid in the understanding of the regulatory mechanism of ITP.
Introduction
Immune thrombocytopenia (ITP) is currently defined as an autoimmune disease, characterized by a decreased platelet count (due to autoantibodies mediating platelet destruction and insufficient platelet production), which results in purpura and increase of bleeding tendency (1) . However, the pathogenesis of ITP remains to be completely elucidated. A previous study demonstrated that ITP was not always associated with a decline in platelet number (2) .
Platelets are essential for proper hemostasis and thrombosis. Although platelets lack nucleus, they contain all other necessary components to perform transcription and translation in a signal-dependent manner (3) (4) (5) (6) . Furthermore, researchers identified that platelets contain abundant and diverse microRNAs (miRNAs/miRs), the key regulators in gene expression alterations (7) . Extensive studies were performed to understand the transcriptome of platelets using microarrays or an RNA deep sequencing approach (8, 9) . miRNAs are present in platelets in variable quantities, and are diverse in humans with specific phenotypes and in different disease states (10, 11) . Among them, hsa-miR-96 regulated the expression of vesicle-associated membrane protein 8 (also known as endobrevin) (12) . However, miRNA targets in ITP are unknown.
Increasing evidence has demonstrated that the expression of aberrant miRNAs is associated with the pathogenesis of ITP (13, 14) . However, the association between miRNAs and the decrease in platelets in patients with ITP was poorly investigated. In the present study differentially expressed miRNAs were investigated in platelets from patients with ITP and MicroRNA profiling of platelets from immune thrombocytopenia and target gene prediction healthy control patients. Furthermore, the regulatory network of miRNA-targets was established based on the information from the differentially expressed miRNAs (hsa-miR-548a-5p, hsa-miR-1185-2-3p, hsa-miR-30a-3p, hsa-miR-6867-5p, hsa-miR-765 and hsa-miR-3125) identified. The present analyses may be important in the understanding of the mechanisms of ITP, as well as future therapy.
Materials and methods
Ethics statement. The present study was approved by the Ethics Committee of Soochow University (Soochow, China) and written informed consent was obtained from all the patients and healthy donors involved.
Subjects. A total of 22 patients with ITP, and 8 age-and sexual-matched healthy donators were recruited from the First Affiliated Hospital of Soochow University (between March 1 and December 31 2015; Table I ). The diagnosis of ITP was based on the criteria of the American Society of Hematology (15) and thrombocytopenia was defined as a platelet count of <50x10 9 platelets/l. The patients with ITP had not received glucocorticoids or immunosuppressive treatment. Patients with the following complications were excluded: Diabetes, hypertension, cardiovascular diseases, pregnancy, active infection or autoimmune diseases other than ITP. Of the 22 ITP samples, 8 samples were studied by microarray together with 8 healthy samples, the other 14 ITP patient samples were tested using the reverse transcription-quantitative polymerase chain reaction (RT-qPCR) following performance of the microarray. Prior to the microarray, the platelet concentrations from 8 patients with ITP were adjusted to 100x10 9 platelets/l. A total of 1 ml each sample was used for the ITP groups, for a total of 8 ml. The platelets for the control groups were processed in the same way, for a total of 8 ml.
Preparation of leukocyte-depleted apheresis platelets (LDPs).
LDPs were prepared as previously reported (14 miRNA RT-qPCR analysis. A total of 9 differentially expressed miRNAs identified by microarray were selected for further validation using RT-qPCR. For the reverse transcription of total RNA, the miRNA cDNA kit (Beijing CoWin Biotech Co., Ltd.) was used, according to the manufacturer's protocol. Total RNAs were initially treated with Escherichia coli poly-A polymerase to generate a poly-A tail at the 3'-end of each miRNA. Following polyadenylation, the miRNA first strand cDNA was synthesized using the poly (T) adapter (GCG AGC ACA GAA TTA ATA CGA CTC ACT ATA GGT TTT TTT TTT TTV N) as primer, at 42˚C for 1 h. To measure the expres sion of mature miRNAs, the miRNA-first strand cDNAs was analyzed using the miRNA Real-Time PCR Assay kit (Beijing CoWin Biotech Co., Ltd.) and a StepOnePlus™ Real-Time PCR system (Applied Biosystems; Thermo Fisher Scientific, Inc.). The primers for the RT-qPCR analysis are listed in Table II . Results were normalized to 5S ribosomal RNA. The thermocycling conditions were 95˚C for 10 min, followed by 40 cycles of 95˚C for 15 sec and 60˚C for 1 min. The data were quantified using the 2 -ΔΔCq method (18) . The data were processed using StepOne™ software (version 2.2.2; Applied Biosystems; Thermo Fisher Scientific, Inc.).
Prediction of target genes of differentially expressed miRNAs.
The target genes of the candidate miRNAs were predicted using online tools contained within miRWalk software (www.umm.uni-heidelberg.de/apps/zmf/mirwalk) (19) and six bioinformatic algorithms (DIANAmT, miRanda, miRDB, miRWalk, PicTar and TargetScan).
Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) analyses.
To further understand the biological function of differentially expressed miRNAs, the Gene Ontology and KEGG analyses were conducted using the Database for Annotation, Visualization and Integrated Discovery online analysis tool (20) and GENECODIS (21). Fisher's exact test and χ 2 tests were used to select the significant GO category orKEGG pathway, and the false discovery rate (FDR) was calculated to correct the p-value. FDR <0.01 and P<0.01 were considered to be statistically significant.
Regulatory network construction between miRNAs and their targets.
The post-transcriptional regulatory network is defined as a directed and bipartite graph in which expressions of miRNAs and their targets are reversely correlated. A regulatory network of miRNAs and their potential targets was presented using Cytoscape software (22) .
Results

Identification of the differentially expressed miRNAs in patients with ITP.
ITP is a severe disease that affects humans, previous results have demonstrated that miRNAs may serve an important role in ITP pathogenesis (23) (24) (25) . However, the role of platelet-derived miRNAs in ITP remains to be examined. To determine miRNA alterations in ITP platelets compared with the healthy controls, microarray analysis was performed. The results demonstrated that 537 and 544 miRNAs were expressed in the ITP and control samples, respectively. Among them, 115 miRNAs were differentially expressed (fold-change of >3 or <0.33; P<0.05). Of these, 57 miRNAs were upregulated while 58 miRNAs were downregulated in the ITP samples compared with the healthy samples.
Of the differentially expressed miRNAs, hsa-miR-338-5p, hsa-m i R-765, hsa-m i R-122-5p a nd hsa-m i R-451b (specifically expressed in ITP), and hsa-miR-133a-3p, hsa-miR-224-3p, hsa-miR-452-5p, hsa-miR-491-5p and hsa-miR-15a-3p (restricted to control group) were verified by RT-qPCR analysis. The RT-qPCR results demonstrated similar patterns as observed in the microarray data (Fig. 1) . The top 20 differentially expressed miRNAs are listed in Table III .
Identification of the targets of differentially expressed miRNAs.
To identify the target genes of the differentially expressed miRNAs in ITP, bioinformatic prediction was performed using the miRWalk database. A total of 677 pairs of miRNA-target genes were identified for the upregulated miRNAs and 1,274 pairs for the downregulated miRNAs (data not shown).
GO and KEGG analyses of target genes of downregulated miRNAs in ITP.
GO functional and KEGG pathway analyses were performed for the 1,274 target genes of the downregulated ITP miRNAs. GO terms were assigned to the potential targets. The GO terms associated with the targets were categorized (FDR<0.01; P<0.01) into 16 classes. In order to better understand the function of the involved genes, these GO terms were divided into three groups including biological processes (BP; 10 classes), molecular function (MF; 2 classes) and cellular components (CC; 4 classes). In the BP group, the major regulatory pathways included GO:0010604-positive regulation of macromolecular metabolic processes, GO:0009891-positive regulation of biosynthetic processes, GO:0042127-regulation of cellular proliferation, GO:0031328-positive regulation of cellular biosynthetic processes, GO:0010557-positive regulation of macromolecular biosynthetic processes, GO:0043067-regulation of programmed cell death, GO:0010941-regulation of cell death, GO:0051173-positive regulation of nitrogen compound metabolic processes, GO:0042981-regulation of apoptosis and GO:0010628-positive regulation of gene expression ( Fig. 2A) . The most predicted results were involved with apoptosis and cell death.
To better understand the function of potential targets, signaling pathways were analyzed using the KEGG database (24 signaling pathways). The pathways associated with the downregulated miRNAs in ITP (P<0.01) included the Wnt signaling pathway (KEGG pathway, hsa04,310; P=2.24x10 -5 ), the global cancer pathway map (KEGG pathway, hsa05,200; P=1.93x10 -4 ), a small cell lung cancer-associated pathway (KEGG pathway, hsa05, 222; P=1.20x10 
G O a n d K E G G a n a l ys e s of t a rge t ge n e s of upregulated miRNAs in ITP.
GO enrichment and KEGG pathway analyses were performed for the 677 target genes of the upregulated ITP miRNAs. The GO terms associated with the targets were categorized into 5 classes (FDR<0.20; P<0.01), including BP (4 classes; GO:0007156-homophilic cell adhesion, GO:0016337-cell-cell adhesion, GO:0007155-cell adhesion, GO:0022610-biological adhesion) and CC (1 class; CC-GO:0005886-plasma membrane) (Fig. 2B) .
To better understand the function of potential targets, signaling pathways were analyzed using the KEGG database (7 signaling pathways; Fig. 3 ). The pathway associated with the upregulated miRNAs in ITP (P<0.05) was the cell adhesion molecules (CAMs) pathway, it was significantly enriched in the analysis (hsa04, 514; P=1.47x10 -2 ).
Regulatory network of miRNAs and their target genes.
In order to investigate the association among the miRNAs of interest, the miRNA target gene regulatory network in ITP was created using Cytoscape software. The upregulated miRNAs, downregulated miRNAs and their targets formed a regulatory network. Among the downregulated miRNAs, hsa-miR-548a-5p exhibited the maximum number of target genes (50 genes; Fig. 3 ). Among the upregulated miRNAs, hsa-miR-6867-5p possessed 24 regulatory target genes, while hsa-miR-765 and hsa-miR-3125 targeted 18 and 9 genes, respectively (Fig. 4) .
Discussion
The functions of platelets, including activation, adhesion and aggregation, are crucial for coagulation physiology and the maintenance of hemostatic balance. Platelet dysfunction is associated with various pathologies, including atherosclerosis, occlusive or thrombotic hemorrhagic disorders (26) . The roles of miRNAs in platelets have been given increasing attention due to their importance in ITP pathogenesis. To date, the studies have investigated the roles of miRNAs in biological processes in platelets. Girardot et al (27) demonstrated that hsa-miR-28, as well as other miRNAs, targets receptor of thrombopoietin (MPL) and MPL repression is potentially involved in the regulation of platelet count. Nagalla et al (28) reported that hsa-miR-107 targets clock circadian regulator, which may regulate circadian platelet reactivity. The authors previously demonstrated that hsa-miR-326 served a crucial role in platelet apoptosis during storage (29) .
It is well-known that platelets have mRNA and mRNA splicing machinery, and are able to translate mRNA into proteins (3, 30) . Platelets also contain miRNA processing machinery, including endoribonuclease dicer (DICER1), TAR RNA-binding protein 2 and protein argonaute-2, which is involved in the processing of pre-miRNA into mature miRNA (7) . Microarray-based studies demonstrated that ≤32% of human mRNAs were expressed in platelets (31, 32) . Several studies have focused on the analysis of the platelet transcriptome (6, (31) (32) (33) (34) and deduced a certain correlation between mRNA and coupled proteins (31, 34) . The mRNA in platelets originated from megakaryocytes and seem to be affected by aging and platelet activation (8, 35) . Zhang et al (36) observed that 6 marker proteins with significant differences in the platelet lysates of patients with primary ITP patients compared with the secondary ITP and healthy controls. hsa-miR-299-3p 0.01 hsa-miR-487a-3p 0.01 hsa-miR-370-3p 0.01 hsa-miR-136-3p 0.01 hsa-miR-1307-5p 0.01 hsa-miR-133a-3p 0.01 hsa-miR-1185-2-3p 0.01 hsa-miR-3174 0.01 hsa-miR-412-5p 0.01 hsa-miR-3194-5p 0.01 hsa-miR-224-3p 0.01 hsa-miR-548a-5p 0.01 hsa-miR-30a-3p 0.02 hsa-miR-3617-5p 0.02 hsa-miR-542-3p 0.02 hsa-miR-9-3p 0.02 hsa-miR-452-5p 0.02 hsa-miR-5187-5p 0.02 hsa-miR-766-5p 0.02 hsa-miR-100-5p 0.02 miR, microRNA. hsa-miR-7975 hsa-miR-7975 hsa-miR-223-3p hsa-miR-7977 hsa-miR-7977 hsa-miR-92 hsa-miR-5100 hsa-miR-223-3p hsa-miR-16-5p hsa-miR-223-3p
hsa-miR-21-5p hsa-miR-126-3p hsa-miR-1260a
hsa-miR-103a-3p hsa-miR-142-3p hsa-miR-21-5p
hsa-let-7a-5p hsa-miR-26a-5p hsa-miR- 16-5p hsa-miR-16-5p hsa-miR-565 hsa-miR-451a
hsa-let-7f-5p hsa-miR-484 hsa-miR-6090 hsa-miR-26a-5p hsa-miR-486 hsa-let-7a-5p
hsa-let-7b-5p hsa-miR-222 hsa-miR-103a-3p hsa-miR-107 hsa-miR-451a hsa-let-7f-5p
hsa-miR-5100 hsa-miR-191 hsa-miR-4286
hsa-miR-24-3p hsa-miR-24-3p hsa-miR-6089
hsa-miR-130a-3p hsa-miR-650 hsa-miR-1273g-3p
hsa-miR-126-3p hsa-miR-93 hsa-miR-126-3p
hsa-miR-23a-3p hsa-miR-20a-5p hsa-miR-107 hsa-let-7d-5p hsa-miR-19b-3p hsa-let-7b-5p
hsa-miR-19b-3p hsa-miR-26b hsa-miR-7641 hsa-miR-20a-5p hsa-miR-17 hsa-miR-23a-3p
hsa-miR-15b-5p hsa-miR-106b miR, microRNA. Patients with ITP exhibit a decreased platelet count accompanied with dysfunction, including increased apoptosis and the reduction of adhesion function (37) (38) (39) . However, the underlying mechanism of ITP pathogenesis remains unclear. In the present study, the expression of platelet miRNAs was analyzed by microarray. The miRNAs expressed in the platelets of patients with ITP and healthy controls were compared, and there were 115 differentially expressed miRNAs between the two groups. To confirm the reliability of the microarray results, 9 differentially expressed miRNAs were further verified using RT-qPCR. The results of the RT-qPCR data were consistent with the microarray data obtained (Fig. 1) . Among a total of 115 differentially expressed miRNAs, 57 miRNAs were upregulated while 58 miRNAs were downregulated in ITP. The observations also suggested that human platelets contain different types of miRNAs, and these were stable and reproducible (Table IV) . The data was consisted with the report by Osman and Falker (40) .
To better understand the function of miRNAs, bioinformatic analysis was performed, including GO and KEGG pathway analysis. The results revealed that 21 GO terms and 6 signaling pathways were associated with the potential targets (P<0.01). Networks of 16 GO terms and 5 pathways of interest were built between downregulated miRNAs and their target genes. The results demonstrated that downregulated miRNAs may be involved in platelet apoptosis and cell death. Among these downregulated miRNAs, hsa-miR-548a-5p was the most important modulator and was able to modulate 50 target genes. The targets of hsa-miR-548a-5p, including DICER1, histone acetyltransferase p300, low-density lipoprotein receptor related protein 1B, ADAM metallopeptidase domain 8 (ADAM8), serine carboxypeptidase 1, topoisomerase (DNA) II α and erb-b2 receptor tyrosine kinase 2, were involved in apoptosis. Zhang et al (41) reported that ADAM8 potentially served a role in the pathogenesis of non-small cell lung cancer by resisting cisplatin-mediated apoptosis. Excluding hsa-miR-548a-5p, the other downregulated miRNAs were also predicted to serve important roles in cellular apoptosis. miR-9-3p serves a role in tumor suppression by targeting tafazzin in hepatocellular carcinoma cells. The results of the present study indicated in GO terms that these downregulated miRNAs in ITP may promote platelet apoptosis.
Networks of five GO terms and one pathway of interest were built between upregulated miRNAs and their target genes. The results demonstrated that upregulated miRNAs may be involved in platelet adhesion. Among these upregulated miRNAs, hsa-miR-6867-5p was the most important modulator and was able to modulate 24 target genes. The targets of hsa-miR-6867-5p, including cyclin D1, CD40 ligand, integrin subunit α11 and PLAG1 zinc finger, were involved in cellular adhesion.
Following GO analysis, the KEGG database was employed to analyze the pathways involved in the predicted miRNA target genes. KEGG analysis demonstrated that these signaling pathways were associated with the CAMs pathway. In the present study, the CAMs pathway was the most associated pathway. hsa-miR-6867-5p, hsa-miR-122-5p and hsa-miR-892b may comodulate the CAMs pathway. The results suggested that several miRNAs coparticipate in the same pathways and serve important roles in the cell ad hesion of platelets. P revious st udies demonstrated that the CAMs pathway was implicated in the pathogenesis of ITP (42, 43) . The present research implied that miRNAs may serve an important role in the platelet apoptosis of ITP. Further studies are required to provide more information in understanding the underlying mechanism of ITP pathogenesis.
In conclusion, 115 differentially expressed miRNAs in the platelets from patients with ITP and healthy controls were identified. The predication of these differentially expressed miRNAs and their target genes provided information on the understanding of ITP pathogenesis. A number of the miRNA-regulated molecular networks and biological processes identified in the present study are associated with platelet apoptosis and adhesion. The molecular pathways presented in the present study constituted a comprehensive resource for future investigations into the role of specific miRNAs in ITP pathogenesis.
